. AP lyase activity of BsuLigD on blunt ends. The assay was performed as described in Materials and Methods. The substrates containing a 2'-deoxyuridine at the third position were incubated with E. coli UDG to create an AP site in nearly all DNA molecules. After incubation with 50 nM BsuLigD in the presence of 5 mM MnCl2 and 10 µM of the indicated nucleotide for 30 min at 30ºC, samples were analyzed by 7M urea-20% PAGE and autoradiography. The positions of substrate and the products are indicated. Asterisks indicate the [ 32 P] labeled-3' end. Alk, alkaline hydrolysis of the AP site. Full circle, AP site that results after treatment with E. coli UDG. The figure is a composite image made from different parts of the same experiment.
Supplementary Figure S4. AP lyase activity of BsuLigD and LigDom on 5'-recessive ends.
The assay was performed as described in Materials and Methods. The substrate containing a 2'-deoxyuridine at the third position was incubated with E. coli UDG to create an AP site in nearly all DNA molecules. After incubation with 115 nM of either BsuLigD or the LigDom in the presence of 5 mM MnCl2 and 10 µM of the indicated nucleotide for 30 min at 30ºC, samples were analyzed by 7M urea-20% PAGE and autoradiography, as described in Materials and Methods. The positions of substrate and the products are indicated. Asterisks indicate the [ 
Role of the strand displacement residue Arg368 of BsuLigD in the AP lyase activity.
It has been shown that the PolDom of M. tuberculosis LigD and the NHEJ polymerase from the archaea Methanocella paludicola (Mpa Pol) are endowed with an inherent ability to perform a limited strand displacement synthesis, as they can incorporate 3-4 ribonucleotides in a single nucleotide gapped DNA molecule (1,2) . Both, site directed mutagenesis and structural analysis of PolDom/DNA complexes allowed the determination of the structural bases of the strand displacement by these polymerases. Thus, a conserved Arg (Mpa Pol Arg53) disrupts the annealed downstream DNA strand, acting as a wedge to separate the downstream and template strands (2) . To ascertain the importance of such an arginine in the AP lyase activity, the corresponding BsuLigD Arg368 was changed either to lysine or to alanine, and the resulting R368K and R368A mutants were overproduced and purified as described in Materials and Methods.
As it can be observed in Supplementary Figure S10A , when incubated with a single nucleotide gap, the wild-type and mutants R368K and R368A inserted mainly two nucleotides, indicating a very restricted strand displacement ability for BsuLigD, in contrast to Mpa Pol (2). The difference between both proteins could be due to the presence in the former of the LigDom that could interact with the 5'-P moiety of the downstream strand, limiting the internalization of the protein through the dsDNA region. Interestingly, the presence of an AP site at the third position respect to the downstream 5'-P end allowed the wild-type enzyme to incorporate up to 4 nucleotides, most probably reflecting a partial melting of the 5'-end by the AP site (in these assays, the downstream oligonucleotide harbored a THF group as an stable AP analog to prevent the AP lyase activity of the enzyme). With this substrate, whereas mutant R368K exhibited a nearly wild-type phenotype, the variant R368A was slightly affected, mainly inserting 1-2 nucleotides, agreeing with the proposed role in Mpa NHEJ polymerase. Similar results were obtained on the nicked substrates. Importantly, both mutant proteins were very affected in its AP lyase activity, in comparison with their polymerization capacities (Supplementary Figure S10B) . This result could be indicating a pivotal role for residue Arg368 in the proper placement of the enzyme respect to the AP site. It has been described that this arginine intercalates into the downstream annealed DNA interface, making hydrogen bond contact with the ribose of the ultimate base of the downstream strand (2) . Therefore, it is tempting to speculate that once the preternary-precatalytic complex is stabilized by the formation of the Watson-Crick base pair between the nucleotide opposite the AP site and the complementary incoming nucleotide, the Arg residue should be interacting with the 3' neighbor ribose to the AP site, such an interaction being critical for the further catalysis of the AP cleavage. Figure S10 . AP lyase activity of BsuLigD mutants R368K and R368A. The assay was performed as described in Materials and Methods. The substrates containing a 2'-deoxyuridine at the third position were incubated with E. coli UDG to create an AP site in nearly all DNA molecules. After incubation of 100 nM of either the wild-type or mutants BsuLigD in the presence of 5 mM MnCl2 and 10 µM of the indicated nucleotide for 30 min at 30ºC, samples were analyzed by 7M urea-20% PAGE and autoradiography, as described in Materials and Methods. The positions of substrate and the products are indicated. Asterisk indicates the [ 32 P] labeled-3' end. Alk, alkaline hydrolysis of the AP site. Ctrl lane corresponds to a control of the initial DNA before starting the reaction. Full circle, AP site that results after treatment with E. coli UDG. The figure is a composite image made from different parts of the same experiment.
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